Results: At the end of week 4, 54% of patients achieved serum phosphorus control at dosages <3000 mg/d administered as one tablet per meal. Among patients who entered cohort B, control rates of 25, 38, and 32% for patients who were randomly assigned to 3000, 3750, or 4500 mg/d lanthanum carbonate, respectively, were achieved, with no increase in adverse events. Patients and physicians reported significantly higher levels of satisfaction with reformulated lanthanum carbonate compared with previous phosphate binders, partly because of reduced tablet burden with higher dosage strengths. Physicians and patients also expressed a preference for lanthanum carbonate over previous medication.
D ecrease in renal phosphorus excretion is an important consequence of progressive chronic kidney disease (CKD) such that hyperphosphatemia is highly prevalent among patients who undergo maintenance dialysis. In patients with stage 5 CKD, numerous studies have now demonstrated that hyperphosphatemia is an independent predictor of all-cause mortality and fatal and nonfatal cardiovascular events (reviewed in reference [1] ). Based, in part, on data linking hyperphosphatemia to cardiovascular disease, the 2003 Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines recommend maintaining serum phosphorus between 3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/L) in patients with stage 5 CKD (2) .
Not withstanding the recognition of its importance, the management of hyperphosphatemia in patients with stage 5 CKD remains challenging. It is widely believed that with conventional dialytic techniques, nonadherence to dietary recommendation, dialysis schedules, and phosphate-binder medications contributes significantly to this challenge. Phosphate binders are only one of many medications that patients with stage 5 CKD are prescribed. A survey of almost 4000 patients who were beginning maintenance dialysis therapy indicated that patients were prescribed a median of eight different medications (3) . Among all incident maintenance hemodialysis patients in 1993, 34% were prescribed Ն10 different medications, and 8% were prescribed Ն15 different medications (3) . A more recent survey of Ͼ10,000 prevalent maintenance hemodialysis patients who were undergoing treatment at Dialysis Clinics Inc. units reported that these patients were prescribed a median of 12 different medications (4) . It seems reasonable to suggest that the high daily tablet burden associated with most phosphate binders, superimposed on that associated with other medications, may contribute to poor patient adherence to prescribed dosing (5) . Thus, reducing tablet burden has the potential to improve adherence and, in turn, outcomes of maintenance dialysis patients.
Lanthanum carbonate (Fosrenol; Shire Pharmaceuticals, Wayne, PA) is a calcium-free phosphate binder used in the treatment of hyperphosphatemia. Extensive clinical data support its efficacy and tolerability in both short-term (6, 7) and long-term (8, 9) treatment of hyperphosphatemia in patients with stage 5 CKD. Reformulated (500 mg) and higher strength (750 and 1000 mg) lanthanum carbonate tablets have been available since 2006. The sizes of the tablets of the new formulation are smaller such that the 1000-mg tablet is comparable in size to the 500-mg tablet of the original formulation. The reduced tablet size may increase patient acceptance of the new formulation. Furthermore, the availability of a higher strength formulation translates into the need to prescribe fewer tablets for the same dosage. This, in turn, has the potential to reduce daily tablet burden, improve adherence, and potentially improve serum phosphorus control. The purpose of this study was to assess the efficacy of lanthanum carbonate in the control of serum phosphorus levels at higher daily dosages (3000 to 4500 mg/d) in patients who did not achieve target serum phosphorus levels (3.5 to 5.5 mg/dl) with dosages of up to 3000 mg/d.
Materials and Methods

Patients
Adult patients (Ն18 yr) who had stage 5 CKD and required treatment for hyperphosphatemia (serum phosphorus Ͼ5.5 mg/dl [1.78 mmol/L] after washout) and were on a stable hemodialysis regimen three times per week for at least 2 mo before screening were eligible to participate in the study. Patients who required continued treatment with calcium-, aluminum-, or magnesium-based phosphate binders were excluded; however, limited use (Յ200 mg/d) of calcium-based antacids was permitted. Phosphate binder-naive patients with a serum phosphorus level Յ5.5 mg/dl (1.78 mmol/L) at screening were excluded, as were patients with corrected serum calcium levels outside the range 8.4 to 10.2 mg/dl, biointact parathyroid hormone (PTH) Ն800 pg/ml, elevated serum transaminases (Ͼthree times upper limit of normal), or other abnormal laboratory values or uncontrolled concurrent illness. Pregnant and lactating women were also excluded.
The patients were withdrawn from the study when serum phosphorus was Յ5.5 mg/dl (1.78 mmol/L) after 2 wk of washout from previous phosphate binder; when the patient became pregnant or had a kidney transplant during the study; or when, on two consecutive visits, (1) patients had a calcium-phosphorus product (Ca ϫ P) Ͼ86.7 mg 2 / dl 2 , (2) predialysis serum phosphorus was Ͻ2.0 or Ͼ8.5 mg/dl, or (3) serum calcium was Ͻ7.5 or Ͼ12.0 mg/dl. This study was conducted in compliance with the ethical principles set forth in the Declaration of Helsinki and with local laws and regulations relevant to use of new therapeutic agents. All patients provided written informed consent before participation in the study.
Study Design
The study design is summarized in Figure 1 ; it consisted of two parts over 8 wk, followed by an open-label extension phase (part 3), for which all patients who completed part 2 were eligible. All enrolled patients were eligible to enter a washout period from their previous phosphate binder of up to 3 wk; they embarked on the study at any time during this 3-wk period (including time 0) when the serum phosphorus levels exceeded 5.5 mg/dl. During part 1 of the study, the dosage of lanthanum carbonate could be titrated up to 3000 mg/d in 750-mg/d increments at 1-wk intervals if serum phosphorus levels were not controlled. Dosages of Ն1500 mg/d in the final week of part 1 were required for study continuation; these dosages were meant to ensure that only patients with an ongoing need for phosphate binder would advance to the next stage of the study. However, patients in whom serum phosphorus was not controlled at the end of part 1 but who were receiving Ͻ3000 mg/d of lanthanum carbonate were withdrawn from the study (e.g., patients who were in the process of titration to an optimal dosage). Patients who entered part 2 were assigned to two separate cohorts. Patients with serum phosphorus in the target range at the end of part 1 entered a 4-wk open-label phase in which they continued on the same final daily dosage from part 1 (cohort A); the dosage could be titrated to maintain serum phosphorus control but had to remain within 1500 to 3000 mg/d. Patients whose serum phosphorus was not controlled with 3000 mg/d at the end of part 1 (cohort B) entered a double-dummy, double-blind, forced-dosage titration phase in which they received a final daily dosage of 3000, 3750, or 4500 mg of lanthanum carbonate. In part 3, all patients were eligible to continue in an open-label extension of lanthanum carbonate treatment for an additional 4 mo. The dosage could be adjusted within the range of 1500 to 4500 mg/d in 750-mg/d increments at weekly intervals. The study concluded with a telephone follow-up (used to provide flexibility Figure 1 . Schematic of study design. All patients in cohort B took the same number of pills (active ϩ placebo) to maintain blinding.
for tracking patients far from satellite centers) 30 d after the last dose of study drug to determine ongoing adverse events (AE) or emergent serious AE.
Study Medication
Lanthanum carbonate was administered as reformulated 250-, 500-, 750-, and 1000-mg tablets. The chewable tablets were taken during each meal. Cohort A patients took from 1500 mg (three 500-mg tablets per day, one per meal) to 3000 mg (three 1000-mg tablets per day, one per meal). Blinding for cohort B in part 2 of the study was maintained by having patients take one tablet from each of three study medication bottles at every meal (three tablets per meal), for a total of nine tablets per day. One bottle contained 1000-mg tablets of lanthanum carbonate; the other two bottles contained either 250-mg tablets of lanthanum carbonate or placebo, depending on randomization group. In study part 3, cohort B patients returned to taking fewer, higher strength tablets, reducing their daily tablet burden.
Study Assessments
Screening visit assessments included a complete medical history, including renal disease history, physical examination, predialysis vital signs, 12-lead electrocardiogram, pre-and postdialysis weight, and information on concomitant medications. Laboratory assessments were carried out at designated times during the study. Predialysis serum phosphorus was measured at screening and then weekly for all patients.
Efficacy Assessments
The primary efficacy measure was the control rate for predialysis serum phosphorus levels among patients in cohort B. This was based on the proportion of patients with controlled serum phosphorus levels at the end of week 8. Secondary efficacy parameters, including weekly levels and control rates for serum phosphorus, calcium, Ca ϫ P, and biointact PTH, were measured at screening and at treatment weeks 4, 8, and 24. Other secondary efficacy parameters included satisfaction with the new formulation and preference questionnaires, pill count, and adherence. Patient and physician satisfaction with medication was assessed at washout (an assessment of previous medication) and treatment weeks 4, 8, and 24 using six-point Likert scale questionnaires designed with answers ranging from "strongly agree" to "strongly disagree." Patient preference for phosphate-binder medication was measured at week 4 only; this timing allowed patients to recognize potential treatment differences while still recalling characteristics of previous treatment. Patients were asked whether they preferred the study or prestudy medication or considered them to be equal for the following: Number of tablets or capsules taken daily, ease of taking medications, medication adherence, symptom control, adverse effects, and overall preference. Similarly, physician preference was measured at week 4 and the following categories: Adherence with prestudy/study medications, dosage forms available, effectiveness, adverse effects reported by patient and/or family, clinical observation, and overall preference. Adherence to treatment was assessed by tablet counts at weekly intervals during parts 1 and 2 and at weeks 16 and 24.
Safety Assessments
Safety was assessed by physical examination and monitoring of vital signs, laboratory values, and AE throughout the study. Plasma lanthanum levels were measured at treatment weeks 5 and 8 for patients in cohort B only.
Statistical Analyses
All statistical analyses were performed using SAS/STAT 8.2 (SAS Institute, Cary, NC). Efficacy analyses were performed for the intention-to-treat (ITT) population, defined as all patients in the safety population who were given study medication. The proportion of patients in cohort B with serum phosphorus controlled at the end of part 2, the primary efficacy end point, was compared for the 3000-mg/d dosage with each of the higher dosages (3750 and 4500 mg/d) using the Fisher exact test. The odds ratio and 95% confidence interval for the controlled proportions of patients in the 3000-mg/d group versus each of the higher dosages were computed. The same comparison was made for the 3750-versus 4500-mg/d dosages.
Change in serum phosphorus over time in cohort A was analyzed using an ANOVA model with treatment week as a covariate. Changes in corrected calcium, Ca ϫ P, and biointact PTH were summarized each week in cohort A and were analyzed using a one-sample t test. In cohort B, the proportion of patients with controlled serum phosphorus at each treatment week was analyzed in the same manner as the primary end point.
Physician and patient satisfaction questionnaires were summarized at baseline and at weeks 4, 8, and 24. The change from baseline was analyzed using the Cochran-Mantel-Haenszel test. Physician and patient preference questionnaires collected at week 4 were analyzed by comparing preference for the new medication versus preference for the previous medication and equal preference combined using binomial test with null hypothesis of proportion ϭ 0. Figure 2. Patient disposition throughout the study. The most common reasons for study discontinuation were adverse events (AE; 12.1%), protocol violation (10.3%), and withdrawal of consent (9.6%). Kidney transplantation, loss to follow-up, and death each led to discontinuation for Ͻ2% of patients. Similar trends were observed across various parts of the study.
lanthanum levels between weeks 5 and 8 was analyzed using a oneway ANOVA with change from week 5 as the dependent variable and dosage group as the independent variable.
Results
Patient Disposition
A total of 513 patients enrolled in the study, and 439 entered part 1, the 4-wk open-label titration phase (Figure 2) . A total of 357 patients entered part 2 in cohort A (n ϭ 215) and cohort B (n ϭ 142). At screening, most patients had previously been treated with either sevelamer HCl (44%) or calcium-based phosphate-binding agents (41%). A detailed description of selected patient characteristics is provided in Table 1 .
Efficacy Primary Efficacy End Point
A total of 28 (5.5%) patients were withdrawn throughout the study as a result of persistent hyperphosphatemia (serum phosphorus Ͼ8.5 mg/dl on two consecutive visits). Fifty-four percent of patients achieved target serum phosphorus levels by the end of week 4 and entered cohort A. Twenty-eight (6.4%) patients who completed part 1 of the study were excluded from entering part 2 because of uncontrolled serum phosphorus on a dosage Ͻ3000 mg/d lanthanum carbonate. Those who were already titrated to 3000 mg/d but did not reach the target levels in part 1 entered cohort B. Patients in cohort B had dosagedependent decreases in serum phosphorus from week 4, with changes of Ϫ0.23, Ϫ0.59, and Ϫ0.76 mg/dl at dosages of 3000, 3750, and 4500 mg/d, respectively. The achieved serum phosphorus levels in the three groups at week 8 were (mean Ϯ SD) 6.5 Ϯ 1.5, 6.0 Ϯ 1.4, and 5.9 Ϯ 1.5, respectively.
Twenty-five percent of patients in cohort B who were randomly assigned to receive 3000 mg/d and had not achieved the target at week 4 with an identical dosage did so by treatment week 8. Among patients who were randomly assigned to 3750 or 4500 mg/d, 38 and 32% of patients, respectively, achieved the target serum phosphorus levels. The difference between groups for rate of controlled serum phosphorus levels suggests a benefit of titrating to higher dosages, but statistical significance was not reached (Table 2) .
Secondary Efficacy End Points
After the initial 4 wk of Յ3000 mg/d lanthanum carbonate, serum phosphorus (mean Ϯ SD) for the ITT population (n ϭ 383) decreased to 5.6 Ϯ 1.6 mg/dl compared with 7.0 Ϯ 1.8 mg/dl at baseline (n ϭ 435; Figure 3 ). Reductions in serum phosphorus from baseline were statistically significant at all visits (P Ͻ 0.0001) through the end of the study (last observation carried forward). Furthermore, a majority of patients in the study maintained serum phosphorus control during part 3 of the study to 24 wk of lanthanum carbonate monotherapy. Overall, 81% of cohort A patients and 76% of cohort B patients were adherent to study drug (consumption of Ͼ80% of prescribed study dose).
Cohort A
As previously noted, 54% of patients achieved the target range for serum phosphorus by the end of week 4 and entered cohort A. In these patients, the serum phosphorus levels decreased from 6.8 Ϯ 0.1 mg/dl at baseline to 4.6 Ϯ 0.1 mg/dl, using Յ3000 mg/d lanthanum carbonate, at the end of 4 wk. This represented a mean change of Ϫ2.2 mg/dl (Figure 3 ). Patients who entered cohort A maintained serum phosphorus control during that phase of the study, with mean serum phosphorus levels remaining Յ5.5 mg/dl (or 1.78 mmol/L). Other mean laboratory values remained within normal clinical ranges during the 24-wk study, although increases in serum calcium values were observed at several assessments (Table 3). Ca ϫ P levels were significantly reduced compared with baseline at all visits. Measurement of biointact PTH showed slight reductions during the initial 4-wk open-label titration period and slight increases at subsequent visits.
Medication Preference and Satisfaction
Preference for lanthanum carbonate versus previous phosphate-binder medications was expressed by both patients (ITT population) and physicians after 4 wk of treatment. Patient preference surveys revealed that, overall, 64% of patients preferred lanthanum carbonate, 21% had an equal preference for the study drug and previous therapy, and 15% preferred their previous medication(s) (P Ͻ 0.001; Table 4, Figure 4A ). "Number of tablets" was the domain in which patients indicated the strongest preference for the study drug. Similarly, 68% of phy- Table 3 . sicians preferred lanthanum carbonate, 27% showed no preference, and only 6% preferred previous medication(s) used by their patients (P Ͻ 0.001). After 4 wk of lanthanum carbonate therapy, overall patient satisfaction with lanthanum carbonate was significantly higher than that with previous therapy at baseline (P Ͻ 0.0001). Trends for improved satisfaction persisted at weeks 8 and 24. Physician questionnaires revealed that overall satisfaction at week 4 was also significantly (P Ͻ 0.0001) improved among investigators conducting the study, which continued at weeks 8 and 24 ( Figure 4B ).
Safety Evaluation
The most common AE were gastrointestinal in nature and included nausea (16.2%), vomiting (15.0%), and diarrhea (11.3%). AE were considered likely related to study medication for 18.3% of enrolled patients. Treatment-emergent AE for the ITT population during part 1 are summarized in Table 5 . There was no increased incidence of AE with higher dosages of lanthanum carbonate up to 4500 mg/d in part 2, cohort B ( Figure  5 ). Treatment-related AE in cohort B were observed in 9.8% of patients who were taking 4500 mg/d compared with 10% in patients who were taking 3000 mg/d. A total of 65 (12.7%) patients discontinued treatment because of AE. All deaths (n ϭ 9) and serious AE were considered definitely not related or unlikely related to study medication.
There were no significant mean changes in alanine aminotransferase or aspartate aminotransferase. Slight increases in ␥-glutamyl transpeptidase and alkaline phosphatase were observed (Table 6 ). There were no changes in electrocardiogram results, BP, or heart rate that were associated with lanthanum carbonate treatment during the study. There was no significant difference in plasma lanthanum levels among the three cohort B dosage groups at week 8.
Discussion
With accumulating evidence linking hyperphosphatemia to high cardiovascular mortality and morbidity, lowering serum phosphorus is an important clinical concern for patients who undergo maintenance dialysis. Options for phosphate-binder therapy have become somewhat limited because emerging data suggest that calcium-containing agents may be associated with an increased risk for vascular calcification and adynamic bone disease (10 -12) . These issues have led to increased use of calcium-free phosphate binders. Lanthanum carbonate is a calcium-free phosphate binder that is well tolerated and effective for the short-and long-term treatment of patients who are on dialysis and have elevated serum phosphate. Because tablet burden is probably a key factor for nonadherence with phosphate-binder therapy in patients with stage 5 CKD, lanthanum carbonate was reformulated to offer higher strength and reduced tablet sizes, both of which may facilitate reductions in daily tablet burden. This phase IIIb study examined the efficacy of the reformulated preparation of lanthanum carbonate in controlling serum phosphorus. In the 4-wk, open-label titration phase, 54% of patients who received daily lanthanum carbonate dosages of Յ3000 mg achieved target serum phosphorus. Patients who did not respond to 3000 mg/d lanthanum carbonate during part 1 were randomly assigned to receive one of three fixed dosages. Because 25% of patients who were randomly assigned to receive 3000 mg/d (a continuation of their part 1 treatment) subsequently achieved a serum phosphorus value Յ5.5 mg/dl, the fixed-dosage period may not have been sufficiently long to assess the total response rate in that portion of the study. There was a trend for a larger proportion of patients to achieve the target serum phosphorus at dosages of 3750 or 4500 mg/d compared with those who received 3000 mg/d. These higher dosage groups did not experience any increase in AE compared with the 3000-mg/d group; therefore, there may be a benefit of titrating to dosages up to 4500 mg/d for some patients who do not respond to lower dosages of lanthanum carbonate.
A large proportion of patients and physicians expressed satisfaction with lanthanum carbonate treatment compared with previous binder treatment (sevelamer hydrochloride and calcium-based binders). Slightly lower levels of satisfaction among cohort B patients in part 2 versus cohort A may be related to the higher tablet burden imposed by the study design in this group to maintain blinding among the three separate dosage groups. Higher tablet burden in cohort B is also consistent with a slightly lower level of patient adherence to the medication regimen. A large proportion of both patients and physicians preferred lanthanum carbonate to previous phosphate-binder medications, with 68% of physicians and 64% of patients expressing a clear overall preference for lanthanum carbonate.
The AE profile was consistent with the results of previous studies, with no increased incidence at higher dosages. Most AE were gastrointestinal in nature. Laboratory values largely remained within normal clinical ranges throughout the study. Plasma lanthanum levels did not increase significantly with higher dosages.
The major limitation of this study is that it did not include a comparator arm, in which patients were treated with another phosphate binder. In addition, satisfaction and preference are subjective assessments. Data comparing treatment received during a clinical trial with prestudy treatment may be potentially biased by the quality of care received during a clinical trial.
The data derived from part 2 suggest that higher dosages of lanthanum carbonate may control serum phosphorus effectively in some patients who do not respond to lower dosages. These poor responders may be patients with more complex medical histories, high PTH levels, or higher baseline serum phosphorus levels. These findings form the basis for future studies to address the efficacy and tolerability of both common and elevated dosages of lanthanum carbonate. This study demonstrates that in many patients with stage 5 CKD, hyperphosphatemia can be managed effectively with daily lanthanum carbonate dosages Յ3000 mg. The 750-and 1000-mg tablets of lanthanum carbonate allow for a prescription of one tablet per meal (three tablets per day) for patients who requiring Յ3000 mg/d of the drug. Poor adherence with phosphate-binder therapy is correlated with high tablet burden (5, 13) . Compared with the reported tablet burden of seven (800 mg) to 17 (403 mg) pills per day for sevelamer hydrochloride and eight to 12 pills per day for calcium-based agents (14 -16) , the tablet burden with the reformulated preparation is substantially lower. The lower tablet burden associated with lanthanum carbonate compared with other oral phosphate binder medications (17) may be indicative, at least in part, of the greater relative potency of lanthanum carbonate in in vitro studies (18) . Reduction in daily phosphate-binder tablet burden and improved satisfaction with higher strength lanthanum carbonate may help improve patient adherence, with a potentially positive impact on clinical outcomes.
